Appendix B
Answers

Chapter 1
Section 1.2, pg 4
la)y=e€? —1 =y =2e% and 2y + 2 = 2e?' —2+2 =2¢% = ¢/ =2y + 2

Ibyy=te'=>y =el—te!=>y+y=et—tel+tet=¢"

le) y = cos(3t) = y"”" = —9cos(3t) = y’' = -9y

1d)y =€ =y = 3e3 and y’ = 93! = "' +y' — 3y = 938 +3e3! — 123! = 0

le)y=el+1=19y =ctandy” = et = " +2y' —3y = et +2e' —3(el+1) = -3

MNy=15=¢=-1/1+t) =y +y>=-1/(1+t)*+1/1+t)*=0

lg) y=tan(it+1) =y’ = Lsec?(2t+1) and 1 +y? =1+ tan? (3t +1) =
sec?(3t+1) = 3y =1+

1h) y In(1+#?) = ¢ = 2t/(1 +t2) and 2te ¥ = 2texp(—In(1 + t?)) =
2t/(1+1%) = y =2te™¥

2a) r = —2 2g) none 3c)r=1/3,¢=3

2b) r=1/3 2h) r=0 3d)r=1,c=-1

2c) none 2i) none 3e)r=-2/5,c=—7

2d) r=0,—4 2j) none H)yr=—-4,c=3

2e) r=-3,1/2 3a)r=-2,c=1

2f) r=2 3b)r=-1,c=-1

4a) y = ce® = y' = 2ce? = y' — 2y = 2ce? — 2ce* =0

db)y=ce =y =—ce =y +y=—cel+cet=0

4e) y = cett =y = deet! =y — 4y = dcett — deett =0

4d) y=c t/3:>y— t/3:>3y’—y:cet/3—cet/3:0

ba) y = cie?t + coet = 3y = 2ci1e?! + coet and Yy’ = deie? + et =

y" =3y +2y = 4cre? +coel —3(2c1e? +cpel) +2(cre? +epel) = ey (4e? — 62! +
2e%) + coe! — 3et +2e!) =0

5b) y = c1e? + coe™t = Y = 2c1e? — coe7t and Yy’ = deje?t + cpe”t =
Yy —y =2y = dere? + coet — (2c1€% — caeTt) — 2(c1e?t + coeTt) = cp(4e?t —

2e% — 2eM) + caet+ et —2e7) =0
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Appendix B. Answers

5c)y=cie ttca =y = —cretandy’ =cre t = y'+y =cre t—cret =
5d) y = cre " cos(2t) + coe~tsin(2t) =
y' = (—c1 + 2c2)e "t cos(2t) + (—2¢1 — ca)e”tsin(2t) and
y" = (=3cy — 4eg)e P eos(2t) + (4deg — 3ea)e P sin(2t) =
Y +2y' +5y = [-3c1 —4ea+2(—c1 +2¢2) +5er)et cos(2t) 4[4y — 3ea +2(—2¢1 —
c2) + begletsin(2t) = 0
6a) (i) y = c1(—1+4+1t) = v = ¢1. So the DE = ¢; = #ﬂlt For the
RHS to be constant it’s required that ¢; = 1. (ii) y = c1(—=1 +¢t) + ca(—1 — 1)
=19y =c —cy. Sothe DE = ¢; — ¢y = m For the RHS to
be constant it’s required that ¢; + ¢z = 1. So the DE = (¢ — ¢)? = 1 =
cp—cg==x1. Ifeg —ca =1 (and ¢; + c2 = 1), then ¢; =1 and ¢y = 0, while if
¢y —cg = —1,then ¢co =1 and ¢; = 0.

6b) (i) y = c1(3t2 +t) = v = c1(3t +1). So the DE = ¢i(5t + 1) =
\/1+ c1(5t2 4+ t). Taking t = 0 it follows that ¢; = 1.
(i) y = c1 (38> +t) + co(2t2 + 2t + 3). The DE = c1(5t+ 1) + c2(3t + 2) =
V1t ez + )+ ea(52 +2¢ +3). Taking t = 0 gives e + 2¢2 = I+ 3z,

Also, differentiating the DE yields ¢; +co = 1. So, 1 4+ ¢o = /1 + 3c2. Squaring
and solving yields the 2 solutions co =0 (so ¢; = 1) and ¢a = 1 (so ¢; = 0).

Trow 1: y, t, 1, L, ODE, H; row 2: y, t, 2, L, ODE, IH; row 3: 6, t, 2, NL,
ODE, IA; row 4: u, t and z, 2, L, PDE, H; row 5: w, = and t, 4, L, PDE, IH;
row 6: S and F, t, 1, NL, ODEs, TH
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Chapter 2
Section 2.1, pg 12
la) y = (9t +¢) /3 and y =0
1b)y==+2et+e)" Y2 andy =0
lc) y=—1/(cost+c), and y =0
1d) y=3% /2 0
)y:—ln( t2 + 2t +c)
1) y = —7ln[31n(t—|—l)+ c]
g)y= i ln(QeZt +c)
h) y = —5 InftIn(2) + ]

1

)y = g[—li(6t+c)’1/2}, y=

j)y=-2—-1/(t+c) and y = -2

1k)y=3-2/(t+c¢)and y =3
11) y = tan(t/3 + ¢)
1m) y = Inftanh(t?/2 4+ ¢)], y = 0
In) y = In(ce’ — 1)
lo) y = £Vcet® —
2a) y(t) =5 \/m
2¢) y (t) = X
2d) y (t) = ( +1n(4+e )—In(5))"
2) y (1) = In (1/2 £2)
2f) y (t) = =2+ V4 + 2t
Section 2.2, pg 18
la) y (t) = ce 3!
1b) y(t) = —t/2 —1/4 + et
le) y(t) = =2t — 14 +et/4c
1d)y(t)=e —1+e"te
le) y (1) = 2ogrEte
1) y(t) = &5
lg)y = —3+¢* fg Vse 3%ds+cedt
— se’/?
1h)y=e t/2(2 0 115 08 +C)
2a) y (t) = —4 + 3et
—4t
2b) y (t) = 6t — 5 + 2,
2) y (t) = 2e7 />
2d) y (t) = —e"t +4 — 2e2
2¢) y (1) = =55
2f) y = —(2/3)e~*/0 [} e /Ods

Section 2.3, pg 28

1
1

1

a) N = N()e kt
b) k = In(4/3) -}

In(2
c) ln(i/l)%)

day

days

2g) y

aw' = V1 +w?,

(t) = 2 arctan (1 + t)

—eP=r4+2-—e?
w(0) =0

2h) y (t) = (1+4e5t)

2 y(t) =3 In(e2' +e>—1) +t

2j)) y(t) =In (t/2+1/2Vt> + 4)

2k) y =sin(¢) for 0 <t < /2, and
y=1fort>n/2

3a) q(r) = — \/%T

3c) h(r) =—2+4¢e/3

3d) h(x )—6(2+e3””)

36) 2 (r) = 6 (146 In((1+¢7)/2)) "

) w(r)=1/2 1n(1/87' +1)

3) 7 (0) =2 0+ 1)°

3h)r(9):—1+\/m

da) y—In(1+y)=t+1—1In2

4b) 15t =9° + 5y + 6

4c) y+In(1+y) =t + 5+ In(6)

4d) p

5a)

5b)

w(x) = sinh(z/a)

5¢) y = acosh(%) 4+ h — acosh (%)

q(z) =2—3e72%
pla)=—2u+% -7

w (1) = e*" —e7/?

2(r) = —1/4— & + 3%
h(r) = £

h(z) =354

Yp = _3ayh - Cth

yp = 3te iy, =ce!

Yp = =3+ 1/13e*! y, = cet/7
Yp = f(f e~ ds,yp = cet
-2

—1

y =-2y+10,y(0)=1
w(t)=1/v5—4e2t
w(t)=1/V/5—4e"2t

N = Nye~*

k = 1n(2)/5730 5

t =1In(Ny/N)/k

either 40 or 39 BC
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rt

3a) Q' = —Q/25, Q(0) =200g 10b) v = vll}mfi,t/w vy = (1—
)

3b) Q = 200~/ $)/(26), v2 = (L +9)/(28), 7 = (v2 —
3c¢) 501n(10) min vl)(cg/m)7 s=+/1+4Bmg/c
da) Q"' =1/2-Q/10, Q(0) =0g 10¢) (1 — /1 + 4B8mg/c)/(28)
4b) Q =5 — 5e~ /10 10d) vy = —35.4m/s (assuming
de) 5(1—e %) g g = 9.8). A fastball is typically in the
5a) P' = 1000 — P/10, P(0) =0 range of 42 to 47m/s
5b) 10%(1 — e~ ") kg 11a)P:%(4+z—x/m),z=
6a) V = 60000 + 10t 11b) N
6b) ¢’ = 50 — 10C/(6000 + t), 12a) P = 2509 e Qi
C(O) =0 12b) 750
6e) C(480) = 22490011 — (Z) ] Ibs  13,) 77 — k(T — 72), T(0) = 200
6d) C' = —(C/648, for t > 480, 13b) — 79 4 128¢kt
with C'(480) from part (122 13¢) k = 1n(2) L
7a) v = —20+ 120e~*?m/s In( 64/39) e
b) 2 = —20t + 240(1 — e~ /2) ﬁ:; 5T, 2 (;“f T2 T(0) =
7c) 4 ( —In6)m 200 ’ B
a) —(176/c)(1 — e 2¢t/11) 14b) T =72 + [4/(kt + 2Y/4)]*
)cflslbs/ft L4e) o — (41/4 — 9i/ay 5 L
S0) v(10) = —176(1 — /My gps MO E= (0 20/
d) 792 + 968¢~20/11 ft 14d) 5‘“33% min
8e) —22fps 15a) T' = —k(T — 350), T(0) = 70
) F, = Mg where M = 3ma®p 15b) 1201?(%421;2)7) min
b) A (M —m)g In(1147/693) "
¢ v = (AJe)(1 — e—et/m) 15¢) 120= 7 /57— min ~ 3.5. hrs
d) vr = Aje; M < m 16a) —601n(1.43)/1n(0.75) min
¢) m/c— LA 16b) about 11:45AM
10&) mv = —mg — cv(l _ ﬂ’U) 173) 1T = _[k0+k1(T_Ta)KT_Ta)
o(0) = 0 ’ 17b) S(0) = Ty — T
17d) about 36 sec

Section 2.4, pg 39
us=unstable; as=asymptotically stable

la) 2d) y = =£2, as; y =0, us

1b) us 2e) y = —1In2, as

1lc) as 2f) y = —2, as; y = 2, us

1d) us 2g) y =0, as; y =1n3, us
2a) y =1, us; y = —2, as 2))y=0,as; y=-2,as; y = —1,

2b)y=—1,us; y =3, as us

2¢)y==x1,us; y =0, as 21)) y=0, us; y =1, as

2j) y=—2,us; y =3, as

1

32) — ]

0 =

>
4 o0
§.2 -0.50
t - axis
-3
0 3c)

t - axis

3b)



253

3
’\27
>-17
0
0
t - axis
3d)
2
1
> ol
-1
0
t - axis
3e)
4a)
4
0
§-1
-2
0
t - axis
4b)
3
=2f
>-17
0
0
t - axis
ba) y = —2 as,—1 us, 1 as,2 us
) S ]
= 1,’/’/_/,
‘>.’>17 |
2 |
0
t - axis
5b) y = —1 us, 1 as
PR ——
;-1
0
t - axis
6
1000
&
50
0
t - axis

8 (1 —/1+4pmg/c)/(28)

2
—_ 07
£
-4
0
t - axis
3f)
;
‘L; 0
-1
0
t - axis
4c)
-1
§-1 5
-2
0
t - axis
5c) y = —1as, 1 us
1
=

t - axis
5d) y = —2 us, —1 as, 0 us,
y=1as,2 us,2.75 as

A ]
= 0
=Af
20
0
t - axis
7 P(o) =N
N
&
N/2
0
t - axis

10a) PL =iN(1—s), P, =4iN(1+s), s=+/1—4h/(rN)

10b) Py us, P> as
10¢) 750
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t - axis

11a) no steady state

11b) ¢’ < 0 when y < 4
11c) ' <0 when 3 <y <4
11d) y = 2 is a steady state

12a) not possible; this requires
f(0) =
12b)
;
B 1 0 1
y - axis
13b)

f(y)

y - axis

10e)
P1
&
0
0
t - axis
12¢)
3%
0 1 2
y - axis
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Chapter 3
Section 3.2, pg 47

1(1) y1 = et = yf = w?e¥t = w2y, and yo = e ¥ = yf = w?e W = Wy,
= y; and yo are solutions. (ii) W(y1,vy2) = y1yh — yoy; = e“!(—we ') —
e~ we?) = —2w # 0. Therefore, y is a general solution.

2()y1—e‘”:>y +2ay1+ay1—ae“t+2a( e ) + a?emt =0,
and yo = te~ = oy + 2ayh + a?yy = ate”* — 2a67“t + 2a(—ate™t +
e~ + onte*“t =0 = y; and ys are solutions. (ii) W(y1,y2) = v1y5 — y2u) =
e~ (—ate™ + e7M) — te= ¥ (—ae~ ) = e72%t £ (). Therefore, y is a general
solution.

3y =1=y{+by; =0,and yp = e~ = y”+by2 = b%e *bt+b( be=bt) =
0 = y; and y, are solutions. (ii) W (y1,y2) = y1y5 — y2y; = —bt £ 0. There-
fore, y is a general solution.

2

4 (i) y1 = cos(wt) = yf + w?y1 = —w? cos(wt) + w? cos(wt) = 0, and yo =
sin(wt) = y§ + w?ys = —w?sin(wt) + w?sin(wt) = 0 = y; and y, are solutions.
(ii) W(y1,y2) = y1yh — y2y; = cos(wt)(w cos(wt)) — sin(wt)(—wsin(wt)) = w # 0.
Therefore, y is a general solution.

6 Wyr,y2) = yavo—vayi = W' = y1ys —yayi’ = va(—pys —qy2) —y2(—py1 —
qy1) = p(—y1b +y2y}) = —pW. From (2.23) it follows that W = Wye~ Jo P(r)dr,

Section 3.5, pg 53

— 42
le) y(t) = —bt? — 8t — 2

la) —=7,1 4f) y = bexp(—(1/2)t)
1b) —2,2 dg) y(t) = —e~" —e 't
lc) 3€*V/3, € 4h) y (t) = —1/3 sin (3t) — cos (3t)
1d) 14 2e%V/3,1 + 2¢2 4i) y = —e~tsin (2t) — et cos (21)
1e) 1(v3 - )e?, L(V3 + 1)¢? 1) =207 o5 13
1f) —e'2,0 ba) ¥ —y =0
3a) y(t) = cre 2t 4 cpel )y —8y' 4+ 15y =0
3b) y (t) = c; e7 2t + cyet/? 5¢) y" —4y =0
3¢) y(t)=cs + coe 3t 5d) ¥y —2y' =0
3d) y(t) = c; e + cpel/? Se) y" — 2y +y=0
3e) y =c1 +cot 5f) v =
) y(t) =cre3t + coedlt 5g) y" 4y +29y =0
3g) y(t)=cre /2 +coe /2t )?/’+4y—0
3h) y = ¢; sin (¢/2) 4 ¢z cos (t/2) 6a) (1+1)°
3i) y(t) = c; et sin (t) + cz e’ cos (t) 6b) cos(t2—|—6t)
3j)y =e(cssin(2t)+cg cos (2t)) 6c) t
da) y(t) = —1/3e*t +1/3e7? Ta) yes, y"+5y +6y=0
4b) y (t) = —8ez —2e 2 7b) yes, ¥ + 5y’ + 6y =0
de) y (t) = —4/3 +1/3e3¢ 7c) yes y' +4y=0
4d) y(t) =4 —5et/° 8a) —
de) y = 3exp(—(1/3)v/3t) 8b) —4,

Section 3.8, pg 61
la) y (t) = —e'

2 sin(7t) —3m cos(m sin(m

1b) Yy= m_sin t).,r43+5ﬂ.2s_4f)+2 (rt)
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ld) y(t) __3 siQ%(QZt) 15 clcz)sl(Qt) + 1/667,*,
le) y(t) = —4t> + 30t> — 178t + 535
lf) y(t) _ 4cols7(2t) _ 33 sin(21) _4
1g) y(t) = (5t — 2)e'/5
1h) y(t) = (3t —1) cos(3t) /3 — (5t +2)sin(3t) /5
L) y(t)=t>+4/5t+ 38
1) y (t) = 1/10 + 3/13e
k) y(t) = —t2 — 3 — 3/4t* +4/3¢
1) y(t) = —e’ + 26—
1111) y (t) _ e4t COE(t)t
ln) y(t) _ 15 005725—}-7) + 21 51§(7t+7)
10) y (t) =54+ COE(Qt) 35111(2t)
1p) y (t) = —2 sin (2t - 1/4 cos (2t)
2a) y(t) =e3tcy +e72tc; —ef

—n? sin(7t)—3m cos(m sin(m
2b) y = cre 2 + coet + ( t)ﬂ43+57725r4f)+2 (xt)
2c) y(t) =eco +ePle; — 52 =8t — 2
2d) y (t) = % +5ebey + ¢y — 25020 1500d2))
2) y(t) =e t/3cQ +e?te; — 413 4302 — 178t + 535
o) y (t) = e /ey +¢t/2¢; 4+ 2 C%(2t) 33 ilf;(zt) —4
2g) y(t) = 1n(2t) co +cos(2t) ¢y + %
2h) y (t) — oot T o0t + (3t— 1) cog(3t) (5t+2) sin(3t)
2i) y (t) = sin (Qt)e co +cos(2t)e ¢y +t2 +4/5t+
2)) y(t) =e tsin(3t) co + e tcos(3t) cs + 1/10+3/13et
2k) y(t) =1/3e3tc; + co — 1% — t3 — 3/4t* + 4/3¢
2) y(t) = e tey +e2/3tc; —et + 3e72t

2m) y (t) = et sin(t) ca + et cos(t) ¢; — %

2I1) y (t) _ thCQ + e_tcl N 15c033(7t+7) + 21 si§(7t+7)
20) y (t) _ efgtcl +54e tC + cos(Zt) 351;(%)
2p) y(t) = e *c; + ¢y — 2 sin (2t) —1/4 cos (2t)
3a) y(t) = —e 2 +4et — 6t -3
3b) y(t) = —1 + 2 cos(2t) + 2t*
3c) y(t) = —e* —sin(t) + cos(t) + 1
—3t 2
3d) y(t) = —+ 3t 7t+2§
3¢) y(t) = — S —e 2+ &
3f) y(t) =e? + (1 —t)e 2 — 1
3g) y(t) = sin(3t) + cos(3t) + cos(3t) ¢
3h) y(t) = e tsin(2t) + et cos(2t) + et
3i) y(t) = 2e% sin(%) — 2sin(t) — cos(t)
4a) AP+ Bt* +Ct3+ Dt* + Et+ F

y(
Y=
y = Atcost + Btsint + Csint + D cost
y = At + B + t(C cos(2t) + Dsin(2t))
4d)y At + Bsint + Ccost
y=t(A+ Be™3)
y= (At3 + Bt? + Ct + D)e %
y= ¢ cos(3t) + Be~!sin(3t)
Y= (t—1)7+B(t—1)6+C(t—1)5+--~+G(t—1)2+H(t—1)+I
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4i) y = Ate' cost + Btelsint

4j) y = t(Acos(2t + 3) + Bsin(2t + 3))

ba) y(t) = —2/5e' +ebtc
)

5b) y(t _ 672/3tc+ —37 cos!girz)rf sin( t)

5¢) y(t) =2/3t—2/9+e 3tc

5d) y(t) = =3t —15—1/6et +et/o¢c

5e) y(t) = — cos(2t)t — %OTW — 2sin(2t)t — 35117“(()%) +ette
— - 2¢7" 1

5f) y(t) = 721&6 - v T 3 +e6tC

5 t) = —1/10e"* cos (t) + 3/10 sin (t) et +e~2/3t¢

g) y(
5h) y(t) = —1/4 cos (2t +5) + 1/4 sin (2t +5) + e*tc

Section 3.9, pg 66

) gy = 202 4 22 52y
1b) y, = 34 (=3 cos (t) + 3 sin (¢)) €'
1C) Yp = —e~ 2t fgln(l + S) e?sds + et fgln(l -+ s) e %ds

5 .
1) gp = 31+ 2L — o3 [leFogt i — 1 4o
2108 2
1f) y, = —e_%K sin(s? + 1) e2ds + e%i)‘t sin(s? + 1) e~ #ds

-2

t

t
2a) y(t) = 4= + = +yp
2b) y(t) = —e' sin(t) + e cos(t) + y,
20) y(t) = S5 + 5 +up
2d) y(t) =1 +y,
%) y(t) =141,
2f) y(t) = 5 + 5 +up
3a) 2t (—t + et — 1)
3b)1/2 (t—1)e*t +1/2+t/2
3c) 41°/2
4b) $+/tsin (t)

Section 3.10, pg 77

u-axis

la) wo =3, R=+2,0=7/4 R
1b)wy=mR=2,0p=—7/6 20
le) wo=1,R=2/V3,0=21/3 3
1d) wo =2, R = 42,90 = —31/4 A t-axis
20) R=2,p=m/2 13C)
2b) R=2,p = —7/2 m
2¢) R=2v2,p=n/4 50
2d) R =2v2,p=—3/4 p _
2¢) R=2,0=—-7/3 3d) t-axis
2%f) R =2, = 21/3 R
3a) 2

X0

:',-2

-R

t - axis
4a) v” 4 64u = 0, u(0) = —1/4,
t-axis u'(0)=0
3b) 4b) u = L cos(8t — )
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dc) wo=8,T=m/4, R=1/4
4d)

1/4

0

u-axis

-1/4

t- axis
de) 1
ba) v’ 4+ 12u = 0, u(0) = -1,
u'(0) =2

5b)u—fcos(2ftf—)
5c)w0—2\f T—ﬂ/\f R——
d))t ©/(6v3)

R

oL

u-axis

-R

t - axis

5f) v/3m/18

6a) u” + 100u = 0, u(0) =
u'(0) = —1/2

6b) u = 552 cos (10t

6c) wo = 10 T=%, R

6d)

R
1/20

0

u-axis

R

t - axis
6e) 5(2 + v/2); 37/40
7Tu +wiu=0,w =
T =27 /wo
8e) no, they are the same
9a) 10s~!
9b) yes, let uf = v/3wod
9¢) no
10a) v + 4u’ + 64u = 0, u(0) = 0,
u'(0) =—-1/3
10b) u = —g5v/15e =% sin(2v/15¢)
10c)

pog/(pl),

Section 3.11, pg 83
1a) y (z) = ¢; 2% + co 22 1In ()

£ o
-0.03 t-axis
10d)iexp(f\/1r5(37’rfArctan( 115
1la) k=5
11b) ¢ =3
11c) 3u” 4 3u’ + bu = 0, u(0) = 1,
u'(0) = =2
11d) u = V2e 3t cos(t — m/4)
11e)
;
%05
: 0
t - axis
12¢) R = Jug|y/1+ (M u)?, for
uy # 0 p = arctan( — ﬁ)’ where

0 <o <m/2ifu >0, and -7 <
o< —m/2ifuy <0

15a) fu”+32u = 3 cos(16t), u(0) =
0, /' (0) = 0

15b) u (t) = 3/4 sin (16¢) ¢

15¢)

u-axis
o

t - axis
16a) 2u” + 18u = 5cos(3t),
0, u'(0) =0

u(0) =

16b) u (t) _ 35 Sir]1-(23t)t
16¢)
5
.% 0
5 - axis
17 no

18a) Yes, and the reason is super-
position

18b) assuming w; is positive,
resonance only if w; = 2wy

1b) y (z) = ¢; #®sin (In (x)) + c2 23 cos (In (z))

10) y(z) = S + ¢ V&

1d) y (z) = ¢4 ﬁsin(l/?x/gln(x))+02\/§cos(1/2\fln )

le) y(x) = ¢; 2?sin (3 In (z)) + ¢ 22 cos(3 In (x))

) y(z) = + 5% 2b) y(z) = —1/42* —x +1/4 + 22
18) y (&) = &2 W {2) + ¢4 2) y(a) =2~ 22+ (z + 1) n ()
lh)) y( 96))202x3+01+ 2d) y (z) = 1/422—3/2 In (x)+3/4
1) y(x) = & + cg 2" T2 o) v () = L )ty —
2a)yy(x)——x2e+xem 2 y() = 2(( Do+ 1)
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Chapter 4
Section 4.1, pg 89

1 -1
la) A = E _3]
[ =12 0
WIA=1 13 13 }
1 -1 2
Ilc)A=| 1 0 0
| -1 5 0
1 -1 -1
1d)A—_2 _3:|7X0 |: 0
(2 0 -1 -1
le)A=|1 1 1 |,x0= 0
0 2/3 2 3

: T o 1 y 1 1
2 l) A= |: 70/01 *b/a :| ) ZZ) ap = |: r1 :| , A2 = |: ro :|
a)a=1,b=2¢c=-3,r1 =113 =-3; b) b

= d

=01 =4
3a) x(0) = (;1)
) x(0) = (3

5¢) x = ¢ (_21> e 3t 4 ¢y <?> et

Section 4.3, pg 96
1 a) indep, b) dep, ¢) dep, d) indep

1 -1
2a) r1 = 3 with x; = (1>,r2:—2 with xo = (4)

—7 —1
Qa)rlz—lwithxlz<1>,r2:5witth:(1>

o 2i . —2i
3a) 11 =2+ 27 with x; = 1 , 12 = 2 — 2i with xp = 1

33)T1=—1+2iwithxlz( ) Z),TzZ—l—ZiwithXQ:( 1+Z>

Section 4.5, pg 103

c.le 3t +c 2%
la) - 2t
—1/3c1e 3t +1/2¢c 2e
[ c1et/2pc 2et/?
1h)
—2c.1e 24 2c 26t/?
c.1+c.26%
1le) -
—2c.14+3c2e
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Appendix B. Answers

1) [ —c_2e?! ]
c.1e®t +c_2e%t
o) e le2t
c_2e 2t
lf) = ol ( Cos(st) + 35111(3t) 42 _% - 3co;(3t)
cl cos(St) + ¢2 sin(3t)
1) [ 2c_1sin(4t) 4 10c_2cos(4t)

c_1et?sin (t) 4 c_2 et/? cos (1)
1h) c_1 (—2e'/%sin (t) + 4e/2 cos (1))
+c.2 (—2et?cos (t) — 4et/?sin ()
2c_1etsin(3t) + 2c_2e~t cos(3t)

H) | c1(e” sm(3t) cos (3t))
c-2(e "t cos (3t) + e 'sin ( 3t

1) [ i; ]

) c_1(sin (4t) — cos (4t)) + 5c_2(cos (4t) + sin (4t))

i

|

2 a) {01— ye2=2}.b){c1 =9/4,c.2 =T/4},
){c1 =2 02—7/5} d){c =—102——4} e){c.1 =4,c2=-1},
{cl——l c2=-2} g){cci1=3,c2=2} h){cl =T/4,c.2 =4},

i){c.1=3,c2=2},
Hel1=4,c2=1}

1 1
3a)r1—3withxl—a< ),7’2_1WithX2_Oé< 1)

—_

1
3b) ’]"1:*5 with X1 04(0>3T20With X2 =0«

1
3c) r12withx1a< ),r24wittha

(=]

0

)
)

1 1
Sd)rl——Swithxl—a( >,T2——1W1thx2—a<3)

c.le t+c 2e??

4a) | —2clet+c2e*t—c et
| clet4ce2e* 4 c8e?

[ c_1et+3c2e®t +2c 36t
4b) c.2e?t

c2e?t +c 3¢t
2¢.1et — ¢ 2e2t

4c) 3elet
| Tclet+4c2e e8!
c1let
4d) 2c2eV3 4 2c 3oV

—c.3 (\/5+ 1) e~ VBt | ¢ 9oVt (\/5 — 1)

Section 4.6, pg 111
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b)

o

o N N
» // 2
K x
50 g0
> /_/ >
B . ;\\
-10 -5 0 5 10 -10 -5 0 5 10
x-axis x-axis
c) 5 d) 5 %
2 K]
30 50
ES =
-5 -5
-10 -5 0 5 10 -10 5 0 5 10
x-axis x-axis
e) 5 f) s
2 o
30 g0
> >
N -5
-10 -5 0 5 10 -10 -5 0 5 10
x-axis X-axis
a) 5 b) 5
(]
» 2
%o o
'>‘ >
-5 -5
-10 -5 0 5 10 -5 0 5
x-axis x-axis
0 N " Ky
2 K]
30 50
> ES
s %\ 5 %77
-5 0 5 -5 (1] 5
x-axis x-axis
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y-axis
o

y-axis
o

x-axis x-axis

@ 2
g0 30
> >

-1 -1

-1 0 1 -1 0 1
x-axis x-axis

5b) directions reverse
5d)a>0,c<0

6b) ¢ > 0and ¢ >0

Section 4.7, pg 117
us=unstable; as=asymptotically stable; ns=neutrally stable
si=sink; so=source; ssi=spiral sink; sso=spiral source; sa=saddle; c=center

la) us, sa 1f) us, sso
1b) as, si 1g) as, ssi
1c) us, so 1h) ns, ¢
1d) us, so 1i) ns, ¢
le) as, si

Qa)A:[kO/m é],ns

2) A = [ _ko/m _Cl/m ] as
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Section 4.8, pg 120
lc) Q1 =5+5e"%5,Qs=—5¢"% +5
1d) Q1 =Q2=5

2b) Q1 = —3Q1 + 352 + 6
A= (3 M) w0 =0.70) = g

+ + cfl\/gsin V3t
4b) V= —2 ¢ 2 SiH(@), f=e"2 COS(@) — %(2)

99

o~

efi sin( Y3t
de) u=e"2 COS(Tg) + 2\[3—(23)

ki+k2 k2
— m1 m1
ba) K= ", 45

m2 m2
: -1 . 1/2
5C) )\1:4W1th31: 1 ,A2=1W1th32= 1

5d) u = a;[d;y cos(2t) + da sin(2t)] + ag[ds cos(t) + d4 sin(t)]
59) U = sir;(t) + sing2t), Uy = ZSi:?(t) _ siné2t)
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Appendix B. Answers

Chapter 5

Section 5.1, pg 132

v ()= (72)
(

(S _ —kES+k_1(Ey—E) (1
lg) y = (E) = (—klEg’ + (ks + 12_13)(150 - E))’ Yo = (2)
[z _( ax —bxy
= (y) = (—cy + dmy)
i = (Y = v 2 = 0
0y <”>7 f (‘(rgfy)z) Yo (3>
9y=(0) = (2l s)vo- )
2a) (u,v) = (1/2,0),(1/3,1/4) 2f) (s,¢) = (-1,1)
2b) (uav) = (0,0), (_17 1) Zg) (x y) = (070)
2¢) (u,v) = (1/4,4) 2h) (x,y) = (0,2),(0,—1),(2,0)
2d) (S, P)=(1,1),(0,0),(2,0) 2i) (z,y) = (0,0),(0,6), (1,3), (4,0)
2e) (5,1) = (5,0),(1,2) 2j) (u,v) = (0,0)
Sectiox)l (5.2, ;og 1(43 :
la) (u,v) = (1,—1), us, sa
1b) (u,v) = (0,0), us, sa
13)) ((ing, yﬁ)j): ((()(,)Oié z;s, si; (x,y) = (2/3,4/9), us, sa
le) (u:v) :_(1/727(())),7 us: sa; (1/3,1/4), as, si
1f) (u,v) = (1/4,4), as, si
1g) (r,s) = (—2,-2), us, sa; (r,s) = (1, 1), as, ssi
1h) (z,y) = (0,0), id
113 Ea@y% = E(i, 1;7 us, Sso
1%{) (.Zj, y)_: (07,0)77 us, sa; (x,y) = (¢/d,a/b), id
11) (S, P) = (0,0) us, sa; (S, P) = (2,0), us, sa; (S,P) = (1,1), as, ssi
1m) (S,I) = (1,0), as, si; (S,I) = (2,—1/2), us, sa
1n) (r,s) = (1,-3), as, si; (r,s) = (—1,—2), us, sa
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I
-t o (5)- (0 ) (47

3a) (

3b) (z, : ), u

4) a)B,b) C,c) A,d) D

7a) (8,T) = (N,0), (S,T) = (B/a, (N — B/a)/2)
) N < B/«

7c) N > B/«

Section 5.3, pg 154
la) H = v? + 3¢ /2 — 3u
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1b) H = v?/2 4 15 In(1 4 5u?)
lc) H = 5v 2/2+7u2/2+ 3,10
1d) H =0?/2+4/3 (u? + 1)3/2
2a) K =02,V = % 2“—3u—%
2b) K = 102, V = L In(1 + 5u?)
2c) K = gvz, V= §u2 + 3u!0
2d) K = 0%, V =341+ u?)%? -1
3b) yes, T' = 2m

3¢) no

3d)v=1u=t

4a) one

4d)

So
>
0
uS
u-axis

5a) 202 + 2u? +ut =3
5b)u=v=0

5¢) clockwise

5d) \/3/2

5e) —1

56) 2v2 [1[(3 + u?) (1 — u?)] " 2du
V24 e —2e ¥ =2 —2¢7 !

1
2
uU=v=

= bv2/2 —cu?/2 + auv

Section 5.4, pg 160
la) no
b) v+ au? = aud + v3, where a = p? — k/m
1c) this results in a u = 0 point
2a) ry = (mp2 /k)Y/4; indeterminate
2b) mv? + kr? + mp2/r = ¢, where ¢ = muv3 + kr¢[1 + (rs/ro)?]
2c) r = r, is where v takes its max/min values
)

3a 3b)
15 07
(2]
[} o
- 3
s 0 T o
< >
0.6 ]
15, 1 > 0 1 2

r-axis x-axis
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Chapter 6
Section 6.1, pg 165

(s—5)""
+3$)/s2

1+s
4
2 (s=7)%

\w |

1a)
1b)
o)

)

C

®
N

Ju—
oL
-

Oom

982—6S+2)/S
+85‘2+83_3

—~

e)
f)
g)
h) =
i)
1j)

— e
4;

=
cn\m

(9 3)2+16

s— 52+4

Section 6.2, pg 168

la) 2/3 sin (3¢)
b) 3te~4 + 5¢
c) 1/5et —1/5e 4!

) e tcos(2t)

le) 1/4e*t +7/4e721
f) 1/3e7t (6 cos (3t) — 5 sin (3t))
g) — cos(4t) + cos(3t)
h) cosh(4t) — cosh(t)

1i) sin (2t) — sin (3¢)

Section 6.3, pg 171

1a) —14+(s—4)Y
1b)4+(2s+7)Y

le) (2 +5)Y —s+1
1d) (s +3572)Y—s—2
le) (45 +2s)Y —4s+6

Section 6.4, pg 176

la) 14e7t/2
1b) —1/2et 4 e t/3
c) 1/3e72t —1/3¢!
1d) 2te3?
e) 4 —5el/d
1f) —2 sin (¢/2) — cos (t/2)
1g) —e cos( )
1h) —3e~tsin (2¢)
) 4
)

2a t e 2t _6¢t—3

0

4a) ['n ( 1+37‘) e 33T dr o3t

1k) 9 s“43

CRDICESY
11) m
2a) 6 (52+9
2b) 6 (ss22-:4499)2
2) 2557
2d) s+2

1J) tet + t2672t + t363t
1k) sin(t) + sinh(t)
11) 7cos(t) — 3t
Im) —2e! + 1 +e*
In) e*—et (\/3 sin(\/gt) + cos(\/gt))
a) 1 — cos(3t)
b) 1 —e 4 (4t +1)
) —2et +1+e?

2a) 1/2e! —1/2 cos (t) —1/2 sin (t)
2b) 1/2tsin (t)

2c) cost(sint — 2 cost) +1+e™?
2d) —1/2 sin (t) + 1/2 sinh ()
2e) 1/2t% +cos (t) — 1

2f) —cos(t) + 1

2b) —1 4+ cos (2t) + 22

c) et —sin () + cos (t) — 2

d) 1/2¢2

2¢) 1 —1/2e'cos(2t) —1/2e?
3a) fotln(l—i—ST) e 337 dr

3b) %fg\/1+751n(3t—37) dr

MM

4b) cos (3t) + & fO\/l—i-TSln(?)t—ST) dr

to—2tt2T

4c) 8/5e*21f+2/5et/2 o

1 te*2t+2f 1 te t/2—T/2
3c) — Bto itr 5 Jo T dr
3d) 3 [ysin(1+72)e " sin (2t — 27) d7
tot/2— T/z
f 1471
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4d) e 'sin (2¢) + 3 fotsin(l +72)e” 7 sin (2t — 27) dT

Section 6.5, pg 179

—6s

17 —S8
la) & | le) =5
s —3s t-axis 1 l-a‘xis
1b) &= | 1f) &
3 IC) 3c’23;4c’55 lg) 1726_.§+2§x_i52876_35
sozes " g™
1) A= D —
2a) H(t —3)e**tcos(—9 +3t) 2d) 2 —t+2t2 - 7/6¢3
Qb) —1/2H(t—2)(t—2)(t—4) 26) H(t—5)t
%) H(t—1)— H(t—2)+ H(t—3)  2f) H(t—6) (5 cos (¢ — 6) + sin (£ — 6))
—_s —2s_ o —s
43“) 1—61*2S (571 - es ) 4C) 1-{18—9*252;2
—s 7l;ax7is 1+ 725_2|-a>iss
4b) _C(liJerES)521 4d) ((ifefzs)es

5a) 0, 0.1, 0.8, 0

/07

t-axis

alt)

5¢) 7t

(es—1)s
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6a) 1+ H (t—1)+

H(t—

y()

B L
o sbnvawas

1

2
t-axis

3

4

y(t)

o 2

4
t-axis

6

8

3§

y(t)

o——o

6c) 1—1/2H(t — 1)+ 3/8 H(t -

o 1

2

3

a

2) —

2)+ H(t—3)+ H(t —4) + -

6b) 1—H(t—2)+H(t—4)—H({t—6)+H({t—8)+-

5H(t—3) | 35H(t—4)

16 + 128 +oe

t-axis

2 5t
6d) 1+6/2—1/16¢% + L — St 4 ..

Section 6.6, pg 184

1a) —(s—5)"", Re(s) >5 2b) 2=2¢=
)85 3 Re( ) > 20) ~(3st1)e™* 4 (st D)o
C) sz+167 ( ) > 0 2d) e 2% °
1d) HQ)Q, Re(s) > —2 | Sy—den
0a) et 2e) T
a) 2f) 47436_3?

Section 6.7, pg 190
1a) e+ 3/4H(t-1)(1—e
1b) (—1+et/272) H(4 —t) — /272
lc) 2H(t —3)e 3 — et
1d) —1/2H(t—2)+1/2 (1 - H(2
le) 1/10 H(t — 5) (=5 + 3e21+10 4 2¢31715)
1f) 3/2 H(t —4) (sin (t — 4))® — 3/2 H(t — 2) (sin (t — 2))°
g) 3/AH(t—1)(—1+e*t?)
1h) —2H(t—2)sin(t—2)+ H(t — 3)sin (t — 3)
- 2) Q(t) =5H(t —2)e” 56125 4+ 950 e 50 + 50

—4t+4)

a()

950

3a) P' = 2P — 5002 ., 8(t —1), P(0) =100

3b) P =100e? —

3c) in the 3d

4a) 20" = —20 — v/2 + 705(t — 10), v(0) = 0

4b) v =35H(t —10) e~ i3 — 40+ 40e ™4

4¢) & = 1160 — 40t — 160~ + 140H (¢t — 10) (1 — e~ i T3)

5a) T' = —k(T — 350 + 200H (t — 120) — 200H (¢ — 180)),

5b) T = —200H (t —120) (1 — e~
280 e + 350

_ t)) e4t—8 + e4t—4 (H(l _ t) _

)

500e* 2 (H(t—1) 4+ e ?H(t—2)+e *H(t—3)+---

T(0) =170
R(E=120)) 4 200H (t — 180) (1 — e

)

7k(t718())) _
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5¢) about 230 minutes

Section 6.8, pg 195

ISe 3t 21 s 1/4
1&) +2/5e Sb) 2 11/4 / ]
i —6/5ef3t+1/5e” 1 s
1) [ 7/4et/? +9/4e71/2 30) 1L, s—2 0
| 7/2e'/2 —9/2e7t/2 (=2) -1 s—-2
5/2e?t +3/2ett ) s—1 —4
lC) 3d) s2—25+5
—5/262t+3/2€4t ) ) 1 s—1
e 1) ¥i = 1925 4 1750
1d) 26 2167 ] j;)yg§5+5e_2is,y2=—5e_% +5
-y 5 b
42t ra)) r_ 1 + 1 +6
le) 2t e 20?(3510 2+5105i2+3)
L 1 ) —4e”t . 5b) Y1 = T55s 00501 ’
1f) _§e Sln(2t)—|—4ecos(2t) 5C)y :_1186 160 —726 gé _|_2007
| —e'cos(2t) —8e'sin(2t) = —236e 10 + 36e 30 + 200
[ 2e%t 8e”?t d) 200 200
26% _ —3t+2
23) 34e2t 3 b) (f(t)+2)/1£§:+532+2>
i 3 6 _ st + sin(2t)
3t2 C2)51 t sin(2t 3 ’
2b) 6t2 — 4t uy = 250 — ( :
2 ot 7a)11 ——f/m f=kv—Ekf/e,
et —2t—1
2 | @ gy | 0(0) =0, J(0) = kuy
L b =1 1
24) —2e! cos(t) + e’ sin(t) +t + 2 )V 2\//5(55—25(/5;) )
| e'sin(t) + 3e’ cos(t) — 4t — 3 )=l

s 6

e_%\/gsin V3t
(430 + o)

1
3a)52+5_6[1 s+1
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Chapter 7

Section 7.2, pg 204

do_—dw

la) u(r) = ‘==

1b) u(z) = Sze

lo) u(z) = S

1d) u (z) = =Bebe ber=5

le) u(z) = —2e @ + 2% — 2x +2e7 !
1) u(z) = % — sin(4x)

3a) up = by sin[%(2n — 1)z], with A\, = —[3(2n — 1)]?
3b) ug = by, with \g = 0; and u,, = b,, cos(nmx/4), with \,, = —(nr/4)?
3c) u = be~ /2 sin(wx/4), with A = +./4 — (7/2)2

3d) u, = b,e %sin(nrx), with A, = —1 — (n7)?
3e) ug = by, Ao = 0; u,, = a,, sin(2wnx) + by, cos(2rnz), with A, = 472n?
4c)

x-axis

4d) -10
Section 7.3, pg 2%0
la) —4e ™7 tsin (5w x)
1b) 63637t in (11 7 2)
1c) e 3™ tsin (r2) + 8e 4™ tsin (4w z) — 10e~ 47 tsin (77 z)
1d) —e~ 27"t gin (37 z) + Te 1927 tgin (87 a) + 2e 575" tgin (157 z)
€) 2e" 27t sin (3w a) + 26 3™ tsin (7 z)
a) 200, 2 (14 (—1)" e~ " tsin (1/2n 7 x)
2b) 32, m(1+2( 1)+t gin (n 7 2/2)
¢) —ake ™ tsin (ma/2) + 300, ﬂ(nz 2 (L4 (1) e " sin (n 7 2/2)
2d) Y07 2 (cos(nm/2) — 1)e —n*mtgin (nx/2)
) 0%, 2 (=2 (—1)" + cos (n76) + 1) e ™™ tsin (n 7 x/2)
) S B (1) e sin (o 2/3)
) >on2 2 (cos (nm/4) — cos (3nm/4)) e ™2 gin (n 7 x/2)
5a) 3200 bpe Futsin(k,x), kn = 7(2n — 1)/2
5b) 320, bpe~4nt cos(kna), kn = m(2n —1)/2
5¢) Y200, bpe Fn /2 gin(k,x), Ky = nw
S bpeFnt e sin(kyz), kn = n

u = 3e Mt sin(kyz) — Te*3t sin(kyz)

N =

[\

DO

3
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4k t

D

b) u =

6c) u = 146_'“%0(““ /2) gin(kiox) + 30eFis (/2 sin (kyg2)
6d) u (=k3tte™ =) gin(kgx) — 12e(~Fistte ™" =1 sin(ky52)
7a) (1+z)F” AF, TG — G = AG

b) 12R” + rR = AR, ©” = -0

7c) (e*F') = X1+ 2} F, G' = \G

7d) 2"+ 322" =NZ, Y +9Y = \Y

Te) (F'/F)2 = A, (G'/G)? = e=t — A

tcos(kax) — 2e~ 46! cos(kew)

EN

Section 7.4, pg 222

la) continuous 1c) neither
1.5 1
Oe
g / )
1
0 0.5 0.75 1 0 1
. . x-axis . x-axis
, lb) pleACGWISG SOIltIDU.(:U.S ld) neither
£ £ k
= =
1t L] L] L L4 1
0 0.25 0.5 0.75 1 o ®
x-axis 0 05 1
X-axis
3a) 3f)
2 1
() °
°
0 3
0 0 0.5 2
x-axis x-axis
3b) 3g)
2
1
: °
0 p 0
0 1 2
x-axis x-axis
3c) 3h)
1 2
() [ 1
°
1 0
0 1 0 1 2
x-axis x-axis
3d) 3i)
1 1 1 [ —
Oe ° ° °
1 () — e
0 2 0 0.5 15 2
x-axis x-axis
3e) 3))
2 o 3
°
1o——— 15 °
16———o0
0.5 [ ]
0O 0
0 1 2 0 13 4/3 1

x-axis x-axis
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4i)
49) Yool i (—6(=1)" = 2cos(nm/6) +
ba) L =1
1/
0‘.5. O.‘75
5b) L =2
3/
%1
6a)
2r
0
. 2
X-axis
6b)
| /
1]

da) Y200 A (—1)" sin (nrx/2)
) sin (n7x/2)

4b) o2y i (1- (-1)"e
= nsin(nmz/2)
de) L T wF—d)
n=1
n odd
>~ 4sin(nrr/2)
ad) Y — =
n=1

n 2

de) Y02 L (=4(=1)" + 2 cos(nm/2) + 2) sin(n7rz/2)
) (=

4f) S 1W(

x-axis

x-axis

x-axis

9(x)

1)" — 8 cos (nm/4) + 2)sin (nmz/2)
4g) S0, W (=2nm cos (nm/2) — 4 sin(n7/2) + 4nx) sin (n 7 x/2)
h) >, nQﬂz (2 (=1)" " nx + nr cos(nw/2) — 2sin(mr/2)) sin(nmx/2)

S L (2cos(nm/4) — 2 cos(3nm/4)) sin(nmz/2)

+ 6 cos(2nm/3) + 2) sin(nwz/2)

5¢) L =2
1
°
00 ’1‘ 2
5d) L =3
3
15 O/i
0.75 °
% g — 3 3
6e)

1 2
x-axis
6f)
1
0
°
-3
0 0.5 2
x-axis
6g)

1 2
x-axis
6h)
°
1 2

x-axis
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Appendix B. Answers

6i) 67)
e — 3F
° [ ) 1.5+ L]
1——0
0.5+ °
— e — ol ]
0.5 15 2 0 13 4/3 1
x-axis x-axis

7a) 1+ Z 8cos (nma/2) /(n?r?)

n=1
n odd ((—1)"e271) cos(nmx/2)

Tb) —1/2+1/2¢* + 377, 4 nZr?id

7c) cos(mx)

d) > 8cos(nmwx/2) /(n*n?)
nnozdld

Te) 2 — 3> | 2 sin(nm/2) cos(nma/2)

7f) 72+ZZ°: M

re) 3 42y, (o) Qifi(f)”) .

7hy 8 4y (- 2lomein()r2co{ ) =2 ﬁm{ngm))

2 2
71) 1 +Zoo . (fZSin("T")JrQSin(?’ZW))Cos(mm)
i) 4y, )bt col25)
9a) 1/3 4 300 4 (ED cos(nr)

n2m2

10&) z 2( 1)" sin(nm )

x if 0<x<1/2
11 g(z) = { 0 if z=1/2
l—z if 1/2<a<1
12a) forx #1/4,g=1— H(z —1/4)
12b) ¢'(z) = =d(x — 1/4)

Section 7.5, pg 229

la) cos(127rt) sin(3mx)
1b) — 14 sin(32nt) sin(8x)
)

1c) —cos (4 t)sin (rx) + 4 cos (127 ¢) sin (37 ) — 20T Dsin(5 )

207
1d) 5 cos (287Tt) sin (771'1‘) + 5111(32wféi1n(8nx) + sm(487rt1)6s71rn(127r:c)
sin(32 7 t) sin(8 w x)
le) cos (127t)sin (37 x) + cos (4dnt)sin (nx) — ——g——
lf) 3 cos (87Tt) sin (271'3)) 51n(367r;,21:—1n(97rz) + 3 sin(20 Zé);ln(fiﬂ'r)

2a) Yon” (an cos(kpt) + by sin(kyt)) sin(k,z), ky = (2n — 1)m/2
2b) 307 (an cos(2knt) + by sin(2k,t)) cos(knz), kn = (2n — 1)7/2
2¢) a+bt+ Y07 (an cos(nmt) + by sin(nt)) (A, cos(2nmz) + By, sin(2n7z))

2d) e7t/23°%° | (an cos(wnt) + by sin(w,t)) sin(nmz)), w, = V4n2r2 —1/2
3) Zoo _9 (=14+(=1)")sin(2n w ¢t) sin(n 7 x)

n=1 ntmrd
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Section 7.6, pg 232
la) 1— 22+ 300, —2 A+(=D™e * """t sin(n x a)

22
b)2— 7o+ Y0 —14 EWeT T tsin(nne)
2 2
) —dt a4y, ge T sinlnr)
a)l—x
9b) —7 + 2z
c) -1+ 3z
d) Ae® + Be™®, where A= (2—e73)/(e? —e73), B=(e3—2)/(e? —e73)
2¢) A+ Be®, where A = (1+¢€?)/(1 —¢?), B=2/(e? — 1)

(2n71)27r2t

3) 1—2—3" 4 (2nn + 4 (—1)" —w)e—Tsm(W) /((2n — 1) 72)
4) =143z+> 2 ,2(14+2 (-1 )n)e_”zﬂz(tﬂ/%?) sin(nmx)/(nm)
5) 1 —2x—"7cos(9mt)sin (3mx)

Section 7.7, pg 236
(4 ks cos(t)+4 sin(t)—4 ks e k5 t) sin(5 7 )

la) T , where ks = 10072
kst kg t—2tY o
1b) 3 ( 1+ckzi2 )sm(37‘rm)’ where ks = 3672

—14(=1)" ’4”2"2t—1 sin(nmx
1) Y, _1/2< (-1 (e o ) sin(n )
) =

2a) w = z(2® — L3)/(12D)

2b) Dvg, = vy, v(0,t) = v(L,t) =0, v(z,0) = g(x) — w(z)

2¢) u = w—!—Z 1 b exp(=A,t)sin(nmwa/L), b, = 2(7UnHL(ngZ;ﬂﬁ(fl)n)
b) w —TpWp, Ty = 5+ (nm/2)?

3c) Zn Lape”tsin(nmx/2)

3d) >0 4(—-1)" et sin(nmx/2)/(nT)

43 o exp(—AZ(t+t2/2)) sin(A2), a, = = (1 — (=1)"), A, = nw/3

w

Section 7.8, pg 245
la) 5sinh(27y) sin(27zx)/ sinh(47)

1b) —3sinh(127y) sin(127x)/ sinh(24)

1c¢) sinh(7y) sin(7z)/ sinh(27) — 7 sinh(87y) sin(87x)/ sinh(167)
1d) smh(47ry) sin(4rx)  sinh(7my) sin(77x) + 6sinh(207ry) sin(207x)

sinh(87) sinh(14m) sinh(407)
2a) 113 cos(30)
2b) 1 — 3(r/2)'5 sin(150)
2¢) (r/2)sin(0) + 3(r/2)5 cos(50))

2d) 4 — 2(r/2)5 sin(50) — 4(r/2)? sin(90) + 8(r/2)1* cos(140)

a) Ugz + Uyy, w(0,y) = u(z,0) = u(z,2) = 0 and u(l,y) = g(y)

3b) >°0° | ¢psinh(nmz/2) s1n(n7ry/2)

3c) cpsinh(nm/2) = fo ) sin(nmy/2)dy

3d) 7sinh(37x) sin(37ry)/ Slnh(37r)

3e) —2sinh(27z) sin(27y)/ sinh(27) + 8 sinh(77x) sin(77y)/ sinh(77)

w



276 Appendix B. Answers

4a) Upp+ 2+ Jugy = 0, for 0 <7 < 2,0 < 0 < 7/2, u(r,0) = u(r,7/2) =0,
u(2,0) = 1(6)

4b) Y07 | ¢,r? sin(2nd)

4c) — (r/2) 5111(49)

4d) 9(r/2)%sin(26) — 5(r/2)1* sin(140)

6 u’9:77r = U| and u‘9|0:77r = ue’@:ﬂ'

O=m



